Purpose: When performing coronary angiography (CAG), diagnostic catheter intubation to the ostium can cause damping of the pressure tracing. The aim of this study was to determine the predictors of atherosclerotic ostial stenosis in patients showing pressure damping during CAG. Materials and Methods: In total, 2926 patients who underwent diagnostic CAG were screened in this study. Pressure damping was defined as an abrupt decline of the coronary blood pressure with a blunted pulse pressure after engagement of the diagnostic catheter. According to CAG and intravascular ultrasound (IVUS), we divided damped ostia into two groups: atherosclerotic ostial lesion group (true lesion group) and non-atherosclerotic ostium group (false lesion group). Clinical and angiographic characteristics were compared between the two groups. Results: The overall incidence of pressure damping was 2.3% (68 patients and 76 ostia). Among the pressure damped ostia, 40.8% (31 of 76 ostia) were true atherosclerotic ostial lesions (true lesion group). The true lesion group had more frequent left main ostial damping and more percutaneous coronary interventions (PCIs) performed on non-ostial lesions, compared to the false lesion group. On multivariate logistic regression analysis, left main ostial damping [hazard ratio (HR) 4.11, 95% confidence interval (CI) 1. 24-13.67, p=0.021] and PCI on non-ostial lesion (HR 5.34, p=0.018) emerged as independent predictors for true atherosclerotic ostial lesions in patients with pressure damping. Conclusion: Left main ostial damping and the presence of a non-ostial atherosclerotic lesion may suggest a significant true atherosclerotic lesion in the coronary ostium.
INTRODUCTION
During coronary angiography (CAG), diagnostic catheter intubation of the ostium often leads to a damping of the pressure tracing. Pressure damping can occur when the outer diameter of the intubated catheter is bigger than the ostial diameter, or the tip of the catheter has been intubated too deep pass the ostium and is against the vessel wall. Although catheter induced coronary spasm has been suggested as a common reversible mechanism of damping, 1 atherosclerotic ostial stenosis is an important differential diagnosis. Ostial stenosis is an unusual manifestation of coronary atherosclerosis and recognizing it is important, not only because there is poor prognosis with left main stenosis, but also because of the inherent risks that can occur during catheterization when the left coronary ostium is involved. [1] [2] [3] Regardless, symptomatic atherosclerotic ostial stenosis, whether right or left, requires revascu-
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larization therapy. To investigate true atherosclerotic lesions at the coronary ostia, intravascular imaging modality can be used, in addition to diagnostic CAG. Although previous studies have reported on the clinical utility of intravascular ultrasound (IVUS) for coronary ostial disease, [4] [5] [6] minimal data is available on the predictors of atherosclerotic ostial stenosis in patients showing pressure damping during diagnostic CAG. This retrospective study was conducted to investigate the overall incidence of pressure damping and to determine the clinical or angiographical predictors of true atherosclerotic ostial lesions in patients with pressure damping during diagnostic CAG.
MATERIALS AND METHODS
Consecutive patients who underwent diagnostic CAG at Ulsan University Hospital between September 2010 and March 2012 were included in this study. A diagnostic CAG was performed for suspicious cases of myocardial ischemia based on the clinical presentation and positive findings from non-invasive tests. We retrospectively reviewed angiographic records for ostial pressure damping after the operator injected 1-3 doses of 200 μg intracoronary nitroglycerin and a cusp injection with the catheter positioned just below the coronary ostia or a continuous injection of contrast while withdrawing the catheter (for exclusion of catheter induced coronary spasm) and after catheter maneuvering (for exclusion of mal-alignment of the catheter, such as against the vessel wall). We used a diagnostic Judkins 5 F or 6 F catheter without a side hole via either a radial or femoral artery approach at the operator's discretion. Pressure damping was defined as an abrupt decline in coronary blood pressure with blunted pulse pressure after engagement of the diagnostic catheter tip (Fig. 1) . 7 We differentiated between a damped waveform (in which both systolic and diastolic pressure were reduced) and a ventricularized waveform (in which systolic pressure was preserved but diastolic pressure was reduced) and ruled out ventricularized waveforms. The exclusion criteria were catheter induced coronary spasm, hyperthyroidism, congenital vascular malformations, history of radiation exposure, vasculitis and past history of aortic valve replacement. This study was approved by the Ulsan University Hospital Institutional Review Board (IRB) ethics committee.
According to CAG and IVUS, subjects were divided into two groups: true atherosclerotic ostial lesion group (true lesion group) and non-atherosclerotic ostium group (false lesion group). The true atherosclerotic ostial lesions of the left (left main) or right coronary artery (RCA) were defined as a luminal narrowing of ≥50%, located within 3 mm of the aorta on the least foreshortened angiographic projection 8 or ostial plaque burden of ≥40% via off-line IVUS analysis. IVUS was done all patients in the two groups. Negative remodeling was defined as a remodeling ratio of <0.95. Remodeling ratio was defined as the ratio of the external elastic membrane (EEM) at the lesion site to the EEM at the distal reference site. 9 Eccentricity was defined as the ratio of maximal plaque and media diameter to the minimal plaque and media diameter at maximal plaque burden site. Clinical and angiographic comparisons were made between the two groups and gray scale IVUS imaging was analyzed. Percutaneous coronary intervention (PCI) at ostial lesions and non-ostial lesions was performed according to the operator's discretion, taking into account the clinical significance of the lesion.
Quantitative coronary angiographic analysis (CAAS 5.10, Pie Medical Imaging B.V., Maastricht, the Netherlands) was done using automated edge-detection algorithms. IVUS was performed using motorized transducer pullback (0.5 mm/s) and a commercial scanner (Eagle Eye, Volcano Corporation, Rancho Cordova, CA, USA) consisting of a rotating 20-MHz transducer within a 2.9 F imaging sheath. Using computerized planimetry, off-line IVUS analysis was performed by an investigator blinded to the clinical characteristics of the subjects.
Statistical analysis
Results are presented as mean±standard deviation (SD) for continuous variables and frequency (percentages) for categorical variables. We compared demographic characteristics and variables between the true lesion and false lesion groups using Student's t-test and the Mann-Whitney U test for continuous variables and the Pearson χ 2 test and the Fisher's exact test for categorical variables. Multivariate logistic regression analysis was performed to assess the independent predictors of coronary atherosclerotic ostial stenosis after adjusting for age, gender, co-morbidities, smoking status, family history of coronary artery disease (CAD), clinical diagnosis, and all angiographic findings. Statistical significance was defined as p value of <0.05 with a two-tailed test. Statistical analyses were performed using SPSS software, version 18.0 (SPSS Inc., Chicago, IL, USA). 
RESULTS
Among the 2926 consecutive patients who underwent diagnostic CAG, 68 patients were included in the study, and pressure damping was observed in 76 ostia (2.3%). The overall incidence of atherosclerotic coronary ostial lesions with pressure damping was 40.8% (31 of 76 ostia). Baseline characteristics and coronary angiographic data of the cohort are summarized in Table 1 . Patients in the true lesion group had more diabetes mellitus and a family history of CAD, compared to the false lesion group. On angiographic findings, the number of diseased vessels was related to the presence of an atherosclerotic ostial lesion (0.7±1.0 in false lesion group vs. sclerotic ostial lesion in patients with a damping of pressure tracing (Table 2) . No other clinical variables predicted atherosclerotic ostial lesions with pressure damping.
All patients underwent IVUS for confirmation of clinical significant lesions of the damped ostium. The true lesion group showed prominent plaque burden, compared to the false lesion group, on IVUS analysis (Table 3 ). The true lesion group showed negative remodeling in 10 ostia (32%), while the false lesion group showed the more frequent negative remodeling in 23 ostia (51%) (p=0.035). During the follow-up period of 13.2±22.8 months, there were no deaths or re-hospitalizations observed in either group.
DISCUSSION
The main findings of this study were as follows: 1) during diagnostic CAG, the overall incidence of pressure damping was 2.3%; 2) among pressure damping ostia, the incidence of true atherosclerotic ostial lesions was 40.8%; and 3) left main ostial damping and PCI on non-ostial atherosclerotic lesions emerged as important predictors for the presence of true atherosclerotic ostial lesions with pressure damping.
An abnormal pressure damping tracing may suggest the presence of an ostial stenosis or spasm, selective engagement of the conus branch, or deep intubation of the coronary artery during CAG. 7 Although ostial stenosis is often not recognized clinically, clinical symptoms associated with an abrupt fall in the catheter tip pressure during CAG include dyspnea and chest pain. In particular, significant left main CAD places a large area of myocardium in jeopardy, thereby placing the patient at high risk. 10 Although previous studies have reported the clinical utility of IVUS for coronary ostial disease, [4] [5] [6] limited data is available on the prediction of a true atherosclerotic ostial lesion in patients showing pressure damping using only diagnostic CAG. Angiographic parameters to predict true atherosclerotic ostial lesions are important, because IVUS is not always easily available in all catheterization laboratories globally.
In our study, results representing real world clinical practice suggested that coronary ostial pressure damping, even after nitroglycerin intracoronary injection and a cusp injection or a continuous catheter-withdrawing injection (for exclusion of catheter induced spasm) or catheter maneuvering (for exclusion of wrong alignment of the catheter), is not rare during CAG (incidence, 2.3%). Additionally, true atherosclerotic ostial lesions among damped ostia were frequent (incidence of 40.8%). Even if other causes of pressure damping, such as catheter induced spasm and wrong alignment of the catheter were ruled out, 59.2% of non-atherosclerotic ostial pressure damping were due to negative remodeling (using IVUS data) and smaller vessel size, compared to the catheter used. In this context, a smaller diagnostic catheter such as a 4 Fr catheter may be useful for excluding non-atherosclerotic ostial pressure damping.
Previous reports have documented frequent arteriosclerosis of the aortic sinuses of Valsalva. 11 Mild to moderate arteriosclerosis of the sinuses has been found from autopsies of hearts of soldiers dying on the field and more severe involvement has been seen in older autopsied patients, a mean of age 70. One may assume that atheromatous plaque of the wall of the aortic root results in ostial stenosis of the coronary artery, which is located at the upper part of the sinus of Valsalva. 12 In the present study, PCI on non-ostial atherosclerotic lesions emerged as an important predictor for coronary atherosclerotic ostial stenosis. In the same context, the true lesion group showed more numbers of diseased vessels and much severe diameter stenosis, compared to the false lesion group (Table 2). This finding also supports the concept discussed above in regards to the development of the atheromatous plaque. The close relationship between arteriosclerosis and serum cholesterol level has been described in many epidemiologic studies. [13] [14] [15] In the present study, according to IVUS analysis, we confirmed that the true lesion group showed a prominent plaque burden, compared to the false lesion group. These find- 
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ings also provide evidence of a link between significant ostial stenosis and arteriosclerosis. On the contrary, because the most frequent cause of non-atherosclerotic ostial lesion was negative remodeling among damped ostia when there were no non-ostial atherosclerotic lesions, pressure damped ostium should be carefully evaluated using an additional method such as IVUS.
Left ostial damping was another predictor of coronary atherosclerotic ostial stenosis. There was a significant difference in the percentage of left ostial damping in the two groups (24.4% in false lesion group vs. 51.6% in true lesion group, p=0.015). This finding is consistent with the general concept of the frequent location of RCA and iatrogenic spasm. 16, 17 Previous reports have suggested that spasm is most commonly seen with the right coronary catheter when the catheter tip enters the RCA at an angle producing proximal vessel tenting. The false lesion group had frequent coronary spasm at non-ostial lesions, compared to the true lesion group [n=34 (75.6%) vs. n=5 (16.1%), p<0.001]. In other words, if coronary spasm developed at another non-ostial lesion, there was a high probability of non-atherosclerotic ostial lesion with pressure damping. This finding is consistent with previous reports that multiple sites of spasm may be a clue to the important diagnosis of spasm. [18] [19] [20] There were limitations in this study. This was a retrospective, single-center study. Because the study consisted of small patient numbers, it may have affected the results. Also, the damped ostia were classified into two groups depending on the presence of atherosclerotic stenosis. We, therefore, are unable to know the existence of other ischemia-inducing stenosis. However, we have good reasons to believe that our results are reliable. Firstly, the overall incidence of pressure damped ostia was similar to previous reports. Secondly, the operators actively tried to evaluate true atherosclerotic lesions with pressure damped ostia using IVUS. Nonetheless, a further study with larger patient numbers will be helpful to confirm our findings.
In conclusion, after excluding catheter induced spasm and catheter mal-alignment, true atherosclerotic ostial lesions were found to be common (40.8%) among pressure damped ostia during CAG. Left main ostial damping and the presence of a non-ostial atherosclerotic lesion may suggest a significant true atherosclerotic lesion in the coronary ostium. On the contrary, a pressure damped ostium in the absence of non-ostial atherosclerotic lesions may require additional imaging of the coronary ostium, such as with IVUS, to rule out negative remodeling.
